Seasonal patterns of dissolved inorganic nitrogen and inorganic carbon uptake by the sublittoral epilithic periphyton community in N-deficient, oligotrophic Lake Tahoe were examined. The biomass dominants of this community, N,-fixing blue-green algae (e.g. Calothrix, Tolypothrix, and Nostoc) were persistent and retained their nitrogenase activity throughout the year. Seasonal rates of N, fixation exhibited considerable variation, with a distinct summer maximum and winter minimum. Uptake of both N03-and NH4+ followed Michaelis-Menten kinetics. K, values were typically extremely high (> 100 pg N liter-l) compared to the ambient concentrations of these forms of nitrogen (< 10 pg N liter-l). N, fixation was the most important source of inorganic N to the yearly N budget of this benthic community. Low ambient substrate concentrations coupled with a low physiological affinity for these substrates at ambient levels were responsible for the relative unimportance of N03-and NH,+ uptake. Dark uptake of N03-, NH4+, and N, fixation were all significant and could not be neglected in determining rates of daily inorganic nitrogen utilization. This blue-green algal community is not adapted for efficient use of N03-or NH,+ and can survive in the N-deficient environment because of its ability to use N,. In striking contrast, the phytoplankton in Lake Tahoe has no N,-fixing organisms and depends on NO,-and NH,+ for its production.
The number of studies of the physiological ecology of algal N2 fixation, dissolved inorganic N (DIN) uptake, and other aspects of microbial transformations of DIN in the pelagic zone of freshwater ecosystems is growing (see Brezonik 1972; Paerl et al. 198 1; McCarthy 198 1) ; however, similar studies of the periphyton community of lakes are lacking. Most of our current understanding of algal-mediated N cycling in both marine and freshwaters has resulted from research on phytoplankton.
These investigations have shown that in N-deficient, oligotrophic ecosystems, phytoplankton has a high physiological affinity for DIN, i.e. low half-saturation constants for nitrate and ammonium assimilation (MacIsaac and Dugdale 1969; Eppley et al. 1969; Axler et al. 1982) ; phytoplankton primary production is maintained by efficient use of internally regenerated ammonium (Dugdale and Goering 1967; Axler et al. 1982) ; ammonium is generally utilized in preference to nitrate even at low substrate concentrations (Conway 1977; McCarthy 198 1) ; and light is important in influencing the relative use l Research support was provided by NSF grants DEB 78-23824 and DEB 80-19918 to C. R. Goldman. of the various DIN sources (Eppley et al. 1971; Healey 1973) .
N,-fixing, heterocystous blue-green algae (Calothrix, Tolypothrix, Nostoc) dominate the biomass of the sublittoral epilithic periphyton in a number of N-deficient, oligotrophic lakes in the western U.S., including Lake Tahoe, California-Nevada (Loeb and Reuter 198 1; Reuter et al. 1983) . In Lake Tahoe the cyanophytes are present throughout the year and do not show the marked seasonality typical of planktonic NZfixing species in other lakes (Fogg et al. 1973) . The presence of heterocysts suggests that this benthic algal community is N deficient and that these organisms can supplement their cellular DIN requirements by N2 fixation. This capability has obvious ecological advantages for survival in a N-deficient ecosystem. Although rates of periphytic N2 fixation have been measured in other lakes (Lundgren 1978; Moeller and Roskoski 1978; Lam et al. 1979) , those studies have not included measurements of ammonium and nitrate uptake nor have they related benthic algal N metabolism to primary productivity.
Benthic algae are important primary producers in many freshwater systems and can 149 be important to whole-lake nitrogen cycling by regulating the release of DIN or DON from the sediment into the overlying water (Lundgren 1978; Jansson 1980) or by acting as a sink for nitrogen in the water (Axler et al. 1984; Bjiirk-Ramberg 1984) . Our interest in the dynamics of nitrogen uptake by periphyton is threefold. A detailed understanding of benthic algal N metabolism will allow us to test the applicability of generalizations from the large body of work on phytoplankton physiology; studies related to the N metabolism of benthic heterocystous blue-green algae will contribute to the understanding of the ecology of N2 fixation in freshwaters; and direct measurements of periphytic N uptake are needed if these communities are to be included in wholelake or riverine nutrient simulation models.
We measured rates of NZ, N03-, and NH,+ uptake by the sublittoral epilithic periphyton in Lake Tahoe in order to determine the importance of N2 fixation to the seasonal N budget of this community, the kinetic parameters of ammonium and nitrate uptake, -and the pattern of DIN uptake relative to inorganic carbon assimilation. We also investigated the influence of light and temperature on DIN uptake metabolism. To our knowledge this is the first such study for a freshwater lake periphyton community. We thank R. P. Axler, J. E. Cloern, P. L. Brezonik, J. C. Meeks, A. J. Horne, and J. P. Zehr for their comments and discussions on this manuscript. Technical assistance was provided by D. Fellows, R. C. Richards, S. L. Reuter, M. Smith, and G. Malyj. Study site L,ake Tahoe lies at an elevation of 1,893 m, with a maximum depth of 501 m, mean depth of 313 m, volume of 156 km3, and has a retention time of nearly 700 yr. The surrounding granitic watershed is small (800 km2) compared to the surface area of the lake (499 km2). The small area and nutrientpoor soils of the drainage basin account for Lake Tahoe's oligotrophic status and remarkable clarity (Goldman 1974, 198 1) . Secchi transparency typically ranges from 20 to 30 m and periphyton growth has been observed at a depth of 198 m (Loeb 1980) . Levels of inorganic nitrogen and phosphorus are extremely low (< 15 pg [NH,+ + N03-+ NO,-1-N liter-'; < 1 pg POJ3--P liter-l) throughout the year with the concentrations of DIN highest in the spring following snowmelt and overturn. Inputs of allochthonous nutrients are minimal during summer and fall due to reduced precipitation. Lake Tahoe is warm monomictic and the summer thermocline is generally at h, 20 m. The circulation of NO,--enriched aphotic zone water into the euphotic zone (-O-105 m) is an important source of DIN for the spring increase in phytoplankton production; however, the vertical extent of mixing is not consistent on an annual basis (Paerl et al. 1975) . The littoral zone represents 19% of the lake surface area and it has been estimated that >60% of the primary production in this region can be contributed by epilithic periphyton (Loeb et al. 1983 ).
Methods
Epilithic periphyton samples were collected from 8 m at the Rubicon Point area of Lake Tahoe with SCUBA. This region is not directly influenced by stream inflow nor is there any history of land disturbance due to urban development in the surrounding watershed. The rock substratum at this site has a slope of 45" to a depth of 300 m and is composed almost entirely of boulders (l-20-m diam) . Samples were taken within a 10-m range and naturally shaded locations were avoided. N2 fixation and primary productivity were measured on the same day monthly during the period July 1980-October 198 1. On each collection date ambient N03-and NH,+ concentrations were determined calorimetrically (see below) using water collected at the substratum-lake interface. Although every effort was made to analyze DIN immediately after collection, some samples required freezing (-20°C). Utilization of NO,-and NH,+ was calculated each month from DIN uptake kinetics data and ambient nutrient concentrations; the kinetics experiments were conducted in February-March 198 1 and August 198 1 with the lake water temperature 6.8" and 19.1"C. The rates of C and N uptake were normalized for differences in standing crop using the ash-free dry weight (AFDW). TO-tal daily incident solar radiation was continuously recorded with a Belfort pyrheliometer at lake level. Water temperature at the rock surface was measured with a handheld mercury thermometer.
Rates of N2 fixation were determined with the acetylene reduction technique (Stewart et al. 1967; Flett et al. 1976) . Periphyton (-0.2-0.6 g wet wt) was transferred to 35-ml serum vials containing 20 ml of lake water (final volume), capped with rubber septum stoppers, and injected with 3 ml of C2H2. The resulting pC2H2 was -0.2 atm and removal of N2 from the gas phase was not required (Burris 1972) . Sample vials were incubated for 3 h in environmental chambers under conditions of ambient temperature and a light intensity of 200-250 PEinst m-2 s-l, a level of illumination sufficient to saturate nitrogenase activity in Lake Tahoe periphyton ). The gas phase was subsampled, stored in vacutainers (Monoject: Schell and Alexander 1970), and C2H4 : C2H2 ratios for samples, lake water blanks, and standards were measured within 2-3 weeks with a Varian 940 or 1440 gas chromatograph each equipped with an FID detector and a Poropak R or T column. Gas samples could be stored for up to 12 weeks without any significant change in the C2H4 : C2H2 ratio. 15N2 (96 atom-% as 15N15N) was used to calibrate the acetylene reduction technique. A C2H2 : N2 reduction ratio of 4.6+ 1.3 (&SD; n = 6) obtained for a 6-h incubation was used to convert moles of ethylene produced to moles of nitrogen fixed. Each monthly measurement value represents the mean of three replicate samples. Ammonium and nitrate uptake was determined by following rates of substrate depletion. Periphyton was removed from the natural rock substratum, returned to the laboratory, and transferred to reaction flasks containing 100 ml (final volume) of lake water. For uptake kinetics experiments each set of treatment flasks (n = 3) was inoculated with a serial addition of NH&l or NaN03 and incubated as above. Substrate concentrations ranged from 1 O-2,000 pug N liter-l. Initial NH4+-N and N03--N levels were determined at the beginning of the experiment, and control flasks containing only lake water were always included. Ammonium adsorption experiments, with phenol-ethanol as a biostatic agent, showed no nonbiological uptake of NH,+-N during a 5-h incubation. Incubation times for the uptake experiments were from 6 to 12 h and changes in the rate of substrate depletion over a timecourse of 2-8 h were not significant (Reuter 198 3 ). An NH,+-uptake kinetics experiment was also conducted with '5NH,Cl. This allowed for the simultaneous determination of substrate depletion and assimilation within the same experimental flask. The kinetic parameters from these two methodologies were not significantly different (P < 0.05). Since the experimental N additions were high relative to ambient substrate levels, we assumed that the experimental concentrations of NH,+ were not significantly influenced by ammonification during incubation.
Depletion experiments were ended by separating the aqueous and particulate fractions; the supernatant was immediately filtered through a precombusted, deionized water-rinsed GF/C glass-fiber filter and analyzed. Soluble nitrate (NO,-+ N02-) was determined by the hydrazine reduction method (Mullin and Riley 1955; Kamphake et al. 1967) ; the precision of this method (95% C.I.) ranged from kO.4 pg N liter-l at low NO,-levels (N 10 hg N liter-l) to + 1.2 at higher levels (-45 pg N liter-'). NH,+-N was determined according to Solorzano (1969) ; the precision of this method (95% C.I.) ranged from +0.5 pg N liter-l at low NH4+ levels (-5 pg N liter-') to +2.2 at higher levels (-30 pg N liter-').
When uptake rates at specific nutrient concentrations are measured, it is important to avoid significant substrate depletion during the incubation. In our study the average DIN depletion at enrichments < 100 pg N liter-l was 50%, while at higher enrichments substrate depletion was 25% of the initial amendment. NH,+-N and N03--N substrate levels were expressed as the average of initial and final concentrations.
Ambient NH,+ and N03-uptake ( vaInb) were calculated by assuming that the rate of uptake was related to the ambient substrate concentration according to the MichaelisMenten equation (Dugdale 1967 ).
where V is the rate of uptake, S is the external substrate concentration, V,,, is the rate of uptake at saturating levels of S, and K, is the half-saturation constant (at which V =: Vm,,/2). The kinetic parameters, K, and V max? were calculated directly from a rectangular hyperbola fitted to the data points by a least-squares analysis with the statistical methodology of Cleland ( 1967) . Estimates of variance also follow the procedure given by Cleland.
Primary productivity was measured in situ by the 14C method (Goldman 1963 ) as modified by Loeb (198 1) for use with epilithic periphyton. Dissolved inorganic carbon was measured immediately after sampling with an infrared analyzer. Three-hour incubations were used between 1000 and 1400 hours. The amount of [14C]DIC assimilated was determined by combusting the sample in a Carlo Erba elemental analyzer and trapping the evolved 14C02 in a solution of 2-aminoethanol and methoxyethanol (1: 7). This methodology allowed for the simultaneous measurement of particulate C and N. Hourly rates of carbon fixation were scaled to total daily rates (24 h) by multiplying them by the ratio of daily insolation : incubation period insolation and assuming that at maximum nocturnal respiration losses accounted for 40% of the diurnal carbon fixation (Devol and Packard 1978; Gons 1982) .
Results
Nitrate and ammonium uptake ( VN) were dependent on the external nutrient concentration and in all cases the data agreed well with a rectangular hyperbola generated by the Michaelis-Menten equation (Fig. 1) . The half-saturation constants (KJ were very high in relation to ambient DIN levels. Kt values for N03-uptake were 320 & 160 (f. SD) and 160 + 80 pg N liter-l in February and August, while Kl values for NH,+ uptake were 20+ 20 and 120 -t 60 pg N liter-l during similar time periods. Ambient concentrations of NO,-or NH,+ rarely were > 5 pg N liter-l (see Fig. 3 ). VNO,-at enrichments < 100 pg N liter-l were similar in summer and winter, while at higher N03-concentrations uptake during winter was slightly reduced. The maximum rate of N03-uptake ( Vmax) during summer was 30.3t-4.6 pg N g-l AFDW h-l compared to a winter V,,, of 24.4k4.9, while Vm,, -NH,+ was 31.1k4.3 and 18.7-13.2 pg N g-'AFDW h-l for these seasons. These data clearly show that at the substrate levels found in Lake Tahoe the rate of DIN uptake was limited by the external concentration of ammonium and nitrate. The half-saturation constant for NH,+ uptake in the winter, 20+ 20 pg N liter-', was significantly lower than the > 100 pg N liter-' values of Kl that we have measured for epilithic periphyton communities in a number of N-deficient, oligotrophic lakes (Axler et al. 1982) . The physiological characteristics of N03-and NH,+ uptake were nearly identical in the summer as indicated by the similarity of the kinetics parameters. &NH,+ in the winter was lower than Kl-NO,-; however, V,,, values for these two substrates were not statistically different (P < 0.05). It must be emphasized that these experiments were conducted with either NH,+ or N03-exclusively, since ambient concentrations were near the limit of detection, and were not designed to investigate simultaneous utilization of the two substrates.
Light and dark uptake of N03-and NH4+, and N2 fixation were measured in the laboratory at 5", 15", and 25°C (Fig. 2) using periphyton collected from 8 m at a location 15 km north of the Rubicon Point study site. The species composition at these two locations was similar in that heterocystous blue-green algae were the dominant organisms and the seasonal patterns of N2 fixation were identical . Since this area is more influenced by localized urban development (i.e. groundwater enrichment due to leakage from septic tanks), there is no reason to expect that the absolute rate of DIN uptake at the two areas should be identical. These experiments were done in August and September, but the temperatures used represent the range of annual water temperatures found in the upper euphotic zone (O-16 m) in Lake Tahoe (see Table I ).
Light uptake was measured at an intensity of 200 PEinst m-2 s-l. All treatments were preincubated for 6 h to ensure sufficient equilibration under dark conditions and the time of incubation ranged from 4 to 10 h. The initial substrate concentrations for these DIN uptake experiments were 240 pg NH,+-N liter-l and 210 pg NO,--N liter-l.
Ambient substrate levels were < 10 pg N liter-l.
VNH~+ in the light increased linearly as a function of temperature. Ammonium was always utilized in the dark but at rates lower than those for light uptake. NH4+ and NO,-uptake and N, fixation in the dark were lower at 25°C than at 15°C. At this higher temperature, the rate of cellular respiration is likely to increase and in the absence of photosynthesis intracellular stores of energy and reducing power may be shunted from N-uptake metabolism to meet the additional metabolic demands. Uptake of nitrate in the light also increased linearly with temperature; however, the rate was considerably less than that for ammonium uptake. Even following a 6-h dark preincubation, N03-was taken up in the dark. N2 fixation in the light increased directly with temperature at rates nearly identical to that of NH,+ uptake. Nitrogenase activity was reduced in the dark and at 15°C the D : L fixation ratio of N2 was 0.15 kO.05. In a similar experiment with a unialgal culture of Calothrix sp. isolated from the Lake Tahoe sublittoral periphyton community the D : L fixation ratio of N2 after a 12-h dark incubation at 15°C was 0.15. This implies that the activity of heterotrophic N,-fixing bacteria in this periphyton community was minimal. Collectively these results clearly indicate that uptake of all forms of dissolved inorganic N occurs in the dark and that a budget of daily uptake must include a nocturnal component.
The seasonal values for Vamb-NO,-, Vamb-NH,,*, and N2 fixation are given in Table 1 and Fig. 3 . Total daily inorganic-N uptake is presented as the sum of diurnal and nocturnal substrate utilization.
The following assumptions were used in the calculation of these daily N-uptake values. First, the number of hours of sunlight and darkness (L: D) per month were 13 : 11 for July-September, 10.5 : 13.5 for October-November, 9 : 15 for December-February, and 12 : 12 for March-June, values estimated from graphs of continuous daily solar radiation. Second, we used summer kinetics experiments to predict Vamb-N03-, -NH,+ in JuneSeptember and the winter uptake kinetics parameters for December-April.
Since the measured winter &NH,+ value was anomalously low relative to our other measurements of half-saturation constants for ammonium uptake by periphyton in N-deficient, oligotrophic lakes (i.e. > 100 pg N liter-l) we used a Kt value of 250 pg N liter-l to estimate rates of winter NH,+ uptake. This new value was derived on the assumption that the ratios of winter and summer half-saturation constants for nitrate and ammonium uptake by Lake Tahoe periphyton were similar. The kinetics of DIN uptake in the remaining months were taken as the mean of the summer and winter rates. Third, we estimated dark uptake of N03-, NH4+, and N2 fixation from the data in Fig.  2 . The 5°C treatment was taken for the winter months and the 15" treatment for the summer months. Finally, we assumed that ambient concentrations of N03-and NH,+ were uniform throughout the diel period and that this was the level of substrate surrounding the cells. Our rates for Vamb-NH4+, -N03-may underestimate actual in situ rates if substrate levels within the periphyton community were elevated due to ammonification and nitrification.
Specific rates of N2 fixation ranged from 5 to 91 pg N g-l AFDW day-' (Fig. 3) . Although a distinct seasonal trend was evident, the organisms in the community retained their nitrogenase activity throughout the year. This is consistent with the observation that the sublittoral periphyton community in Lake Tahoe is persistent from year to year and dominated by heterocystous blue-green algae (Loeb 1980) . This seasonal pattern of benthic N2 fixation in Lake Tahoe is regulated primarily by temperature ; however, this parameter alone is insufficient to explain the elevated maximum in 198 1 relative to 1980. The low ambient concentrations of DIN were insufficient to suppress nitrogenase activity and N2 fixation, NH4+ uptake, and N03-uptake occurred simultaneously.
Total daily inorganic-N utilization, including N2 fixation, was greatest in AugustOctober 198 1 with rates from 90-l 00 pg N g-l AFDW day-'. At this time N2 fixation was at a seasonal maximum and accounted for -90% of total DIN uptake (Table 1) . N2 fixation was the most important source of *inorganic N to the overall yearly N budget of this community and throughout the year was responsible for > 50% of daily N uptake. The elevated importance of NH,+ uptake in winter was due to the elevated substrate concentrations at this time together with reduced rates of N2 fixation. In summer the importance of ammonium uptake was reduced to < 15% of the total daily DIN uptake. Nitrate uptake was low throughout the year and generally did not exceed 10% of the total daily DIN utilization.
Rates of specific primary productivity ranged from 0.79 to 4.63 mg C g-l AFDW day--l (Table 1) . Carbon fixation was generally low in December-May; no clear seasonal trends were evident in 1980, but in 19 8 1, productivity steadily increased from March to October and followed the pattern exhibited by Nz fixation. Both particulate C and N levels reached seasonal maxima during the period March-June (Fig. 3) . PC : PN ranged from 5.2 to 16.6 (9.lk3.5; X&SD) and declined steadily throughout the study. This trend was also observed at 2 and 16 m at the Rubicon Point location (Reuter 1983) . Particulate C and N data from two additional locations during the investigation gave average annual PC : PN ratios from 8 m of 9.9k2.9 and 13.Ok4.8, without an obvious seasonal trend. In 19 82 PC : PN ratios remained <7 at the Rubicon Point location. Ratios of total daily C : N uptake ranged from 17 to 116, again exhibiting no apparent seasonal pattern (Table 1) . No attempt was made to distinguish between algal and bacterial uptake; however, the correlation between PC : PN and VC : VN was positive and statistically significant (P < 0.05).
Discussion
There are relatively few estimates of halfsaturation constants for DIN uptake reported for natural populations of freshwater algae and these are exclusively for phytoplankton. The K, value can be viewed as an ecological parameter which defines the physiological affinity of an organism or a community for a specific nutrient. A low K, value would imply a high affinity for low concentrations of a given substrate. Halfsaturation constants for phytoplankton N assimilation in eutrophic+ lakes generally range from 15 to 300 pg N liter-' (e.g. Toetz et al. 1973; Chan and Campbell 1978; Murphy and Brownlee 198 1) . Values for both N03-and NH,+ uptake by freshwater and oceanic phytoplankton in oligotrophic, N-deficient systems are consistently low, < 15 pg N liter-l, and comparable to the reduced ambient substrate concentrations in these environments (MacIsaac and Dugdale 1969; Eppley et al. 1969 Eppley et al. , 1973 Eppley et al. , 1977 Axler et al. 1982) . Preliminary studies indicate that the K,-NH4+ for Lake Tahoe phytoplankton is < 10 pg N liter-' (R. P. Axler unpubl. data). MacIsaac and Dugdale (1969) were among the first to show that the K,-N03-values of oceanic phytoplankton were significantly lower in oligotrophic than in more eutrophic regions, suggesting that phytoplankton is more efficient at assimilating nitrogen at low ambient nutrient levels.
The K, values reported here for nitrate and ammonium uptake by sublittoral epilithic periphyton in Lake Tahoe are extremely high. Half-saturation constants for periphytic algal DIN uptake were l-2 orders of magnitude greater than ambient substrate levels and, with the exception of NH,+ uptake in winter, Kt values were always > 100 pg N liter -l. This is in contrast to the kinetics of phytoplankton DIN uptake in Lake Tahoe and in similar N-deficient, oligotrophic environments. Our observations underscore the difficulty in generalizing between phytoplankton and periphyton communities even within the same lake. While NH,+ utilization was depressed due to low winter temperatures, a decreased uptake rate should be expected at all concentrations without a dramatic change in the half-saturation constants. No major change in species composition was observed. At present we have no conclusive explanation for the summer-winter change in the physiology of NH,+ uptake kinetics.
If the physiological affinity for a nutrient at low substrate levels reflects a competitive ability in the natural environment, how can the Lake Tahoe periphyton survive in this N-deficient situation without an enhanced capacity to assimilate low ambient concentrations of nitrate and ammonium?
The sublittoral epilithic community relies on N2 fixation for its major supply of inorganic N through most of the year. Over the 14 months when rates of N2 fixation were measured, this pathway accounted for an average of 72% of the total DIN assimilated and was the major source of nitrogen on a yearly basis. We hypothesize that the biomass-dominant blue-green algae can survive in this environment only because they can supplement their N requirements by N2 fixation; they are not physiologically adapted for efficient uptake of low levels of DIN. The kinetic parameters reported here represent total community values and do not directly reflect the uptake characteristics of individual species. Perhaps the heterocystous species depend on N2 fixation and the non-N,-fixing benthic algae may be physiologically similar to N-deficient phytoplankton and have a high affinity for DIN.
Although heterocystous blue-green algae have been reported in the epilithic, epipelic, and epiphytic periphyton communities of lakes (see Kann 1959) , few attempts have been made to quantify the rates of Nz fixation in these benthic communities.
The available quantitative estimates of periphytic N2 fixation are expressed on an areal basis and range from 0 to 1,3 13 pg N rnd2 h-l (Lundgren 1978; Moeller and Roskoski 1978; Lam et al. 1979; Loeb and Reuter 1981) . Our areal rates were lo-120 pg N m-2 h-l, while rates of particulate N and Chl-a-specific N2 fixation ranged from 0.008 to 0.066 pg N mg- fig   N mg -l Chl a h-l. These rates are within the values reported for biomass-specific N2 fixation by phytoplankton in other lakes (e.g. Dugdale and Dugdale 1962; Billaud 1968; Horne 1972) . Seasonal cycles of planktonic N2 fixation illustrate the ephemeral nature of these N,-fixing species in lakes. Changes in the N,-fixing activity of phytoplankton are generally correlated with the biomass of the N,-fixing organisms. In striking contrast, the periphytic heterocystous blue-green algae in Lake Tahoe are persistent components of the benthic algae and retained their nitrogenase activity throughout the year. The seasonal changes in periphytic N2 fixation observed in Lake Tahoe were due at least in part to a physiological response to temperature rather than to any change in bluegreen algal biomass .
Although the benthic community from 2 to 60 m was dominated by N,-fixing species (Loeb 1980) these organisms were totally lacking in the plankton. Since the ability to fix N2 would be an obvious ecological advantage in N-deficient ecosystems, it is unclear why these organisms do not also dominate the biomass of the phytoplankton. Evidence offered by Schelske and Stoermer (197 1) indicates that planktonic N,-fixing blue-green algae may be competitively inferior to other phytoplankton with respect to scavenging essential nutrients such as phosphorus in short supply. Autochthonous and allochthonous material that settles to the bottom accumulates and becomes available for microbial remineralization.
If the products of such bacterial activity are tightly coupled to periphytic algal uptake, this community may have access to a larger supply of the nutrients needed to support N2 fixation (e.g. P, Fe, MO) than is available to the planktonic organisms in these oligotrophic environments.
The turnover time for nitrogen was calculated as the amount of living PN in the particulate pool divided by the rate of DIN incorporation.
The relationship between ATP and total carbon has been used as an estimate of living carbon (Holm-Hansen and Booth 1966), but there is no general agreement on how to measure the living component of the PN fraction. We applied a correlation analysis using Chl a and PN data from 2, 8, and 16 m at Rubicon Point to determine the amount of PN associated with Chl a. The relationship between these The annual areal loading rate of nitrogen two parameters was significant (P < 0.0 1; to Lake Tahoe contributed by periphytic N2 n = 29) with a Y-intercept of 0.88 g N rnd2 fixation ranged from 0.09 to 0.23 g N m-2 or 47% of the mean annual PN concentrayr-1 . If this rate is extion. Since most of the biomass in this comtrapolated to the whole lake, N2 fixation acmunity was algal, we interpreted the Y-incounts for < 1% of the total annual DIN tercept to be a first approximation of loading. The relative unimportance of N2 "nonliving" nitrogen. These calculations fixation to the nitrogen budget of Lake Taindicated that 53% of the nitrogen found in hoe is directly related to the large ratio of the epilithic periphyton community was livvolume : littoral bottom area. Depending on ing. When we used this corrected PN value lake morphometry, a periphyton commuin the generalized turnover time equation, nity can be an important factor influencing we got a value of 3.2 yr for "living N." This whole-lake nutrient dynamics. To clarify the is extremely slow compared to the carbon functional role of periphyton in aquatic ecoturnover time of Lake Tahoe phytoplanksystems we must understand the nutrient ton (i.e. l-5 days: Holm-Hansen et al. 1976) , uptake capacity of this community.
This but values for periphyton carbon turnover subject has largely been neglected and our range from 1 month to 14 years (Loeb and knowledge of algal-mediated nutrient transReuter 19 8 1; Bj ark-Ramberg 19 8 3).
formations comes from studies of the phyThe evidence presented here indicates that toplankton community. Since these two disthe sublittoral epilithic periphyton in Lake tinct communities occupy different niches Tahoe exists in a condition of nitrogen de-in the lake there is no reason to believe that ficiency. Ambient levels of both nitrate and their physiological ecology should be simammonium are very low and therefore up-. ilar. take rates are always < V,,,. According to MacIsaac and Dugdale (1969) these concentrations can be considered limiting for uptake, and, indeed at all times, rates of References ammonium and nitrate uptake were regulated by substrate availability. The presence AXLER, R.P.,R.M. GERSBERG,AND~. R. GOLDMAN. 1982. Inorganic nitrogen assimilation in a subof N,-fixing species in this community is alpine lake. Limnol. another indication that levels of combined 17 to 116 and were significantly higher than BJ~RK-RAMBERG, S. 1983. Production of epipelic althe 8 : 1 (wt : w-t) C : N composition reported gae before and during lake fertilization in a subfor healthy, living algal cells (Healey 1973 
